
NASA Technical Memorandum 88948 

i 

RF Characterization of Monulithic 
Microwave and --Wave ICs 

(NASA-TI¶-88948) BE CHABAC4ES12AIION OF N8 7-2 206 5 
R G Y G L I T H I C  a n x c i d v E  A N D  E B - L A V E  xcs  (NASA) 
16 p A v a i l :  NTXS HC 102/nF A01 C S C L  20N 

Unclas  
Hl/32 0069882 

R.R. Romanofsky, G.E. Ponchak, 
K.A. Shalkhauser, and K.B. Bhasin 
Lewis Research Center 
Cleveland, Ohio 

Prepared for 
Millimeter Wave/Microwave Measurements and Standards 
for Miniaturized Systems 
sponsored by the U.S. Army Missile Command 
Redstone Arsenal, Alabama, November 6-7, 1986 



m 
L n  
cu 
p3 
I w 

RF CHARACTERIZATION OF MONOLITHIC MICROWAVE AND mm-WAVE I C s  

R.R. Romanofsky, G.E. Ponchak, K.A. Shalkhauser, and K.B. Bhasin .. 
Nat ional  Aeronautics and Space A d m i n i s t r a t i o n  

Lewis Research Center 
Cleveland, Ohio 44135 

SUMMARY 

A number o f  f i x t u r i n g  techniques compat ib le w i t h  automat ic network analy-  
s i s  a r e  presented. The f i x t u r e s  are capable o f  c h a r a c t e r i z i n g  GaAs M o n o l i t h i c  
Microwave I n t e g r a t e d  C i r c u i t s  (MMICs) a t  K and Ka band. Several d i f f e r e n t  
t r a n s i t i o n s  a r e  used t o  couple t h e  RF t e s t  p o r t  t o  m i c r o s t r i p .  F i x t u r e s  which 
p rov ide  c h i p  l e v e l  de-embedding a r e  Included. I n  a d d i t i o n ,  two advanced char- 
a c t e r i z a t i o n  techniques a re  assessed. 

The c h a r a c t e r i z a t i o n  o f  s o l i d  s ta te  devices poses a s u b s t a n t i a l  chal lenge 
a t  and above K-band due t o  increased p a r a s i t i c s  which i n t roduce  inaccuracy and 
n o n r e p e a t a b i l i t y  I n  RF measurements. Packaging and in te rconnec ts  a r e  c r i t i c a l  
as i s  t h e  t r a n s i t i o n  f rom t h e  device t o  t h e  t e s t  p o r t .  The RF c h a r a c t e r i z a t i o n  
o f  l a r g e  q u a n t i t i e s  o f  M M I C s  i n  c h i p  form in t roduces an a d d i t i o n a l  problem due 
t o  the t ime requ i red  t o  secure a s ing le dev ice i n  a f i x t u r e .  A major impetus 
i s  phased a r r a y  technology which requires a l a r g e  c l u s t e r  o f  r a d i a t i n g  elements 
and demands accurate dev ice data t o  Insure p r e d i c t a b l e  performance. O f  para- 
mount importance i s  t h e  need t o  nondestruct ive ly  t e s t  these chips.  Unfor tu-  
na te l y ,  convent ional  f i x t u r i n g  techniques r e q u i r e  r i bbon  o r  w i r e  bonds which 
can damage the  c h i p  o r  a l t e r  i t s  c h a r a c t e r i s t i c s  i f  they a r e  removed. The 
bonding process can be cumbersome and does n o t  lend i t s e l f  t o  extens ive 
t e s t i n g .  Noninvasive techniques need t o  be establ ished.  Various f i x t u r i n g  
schemes employing convent ional  frequency domain ( s c a t t e r i n g  parameter) methods 
were i n v e s t i g a t e d  and new, p o t e n t i a l l y  super ior ,  c h a r a c t e r i z a t i o n  techniques 
a r e  addressed. F i x t u r e s  us ing  probe, an t i poda l  f i n l i n e ,  c o a x i a l ,  and r i d g e  
guide t r a n s i t i o n s  were developed by o r  f o r  NASA Lewis and p r e l i m i n a r y  t e s t  data 
I s  inc luded.  D i r e c t  on wafer probing and t ime domain measurements us ing  e lec-  
t r o o p t i c  sampling a re  assessed. 

FUNDAMENlALS OF D E V I C E  CHARACTERIZATION 

The q u a l i t y  o f  device cha rac te r i za t i on  w i l l  i n e v i t a b l y  a f f e c t  o v e r a l l  sys- 
t e m  r e l i a b i l i t y .  Since many app l i ca t i ons  can t o l e r a t e  on l y  marginal  v a r i a t i o n s  
i n  dev ice performance, much e f f o r t  i s  spent i n  accu ra te l y  q u a n t i f y i n g  device 
parameters. Small s igna l  S-parameter techniques us ing automat ic vector  network 
a n a l y s i s  a r e  fundamental t o  dev ice evaluat ion.  This  paper h i g h l i g h t s  some o f  
the many problems encountered du r ing  M M I C  t e s t i n g ,  presents several  approaches 
i n t e n t  on ci rcumvent ing these problems, and addresses severa l  promis ing new 
methods o f  M M I C  c h a r a c t e r i z a t i o n .  

T y p i c a l l y ,  an M M I C ,  whether packaged o r  i n  d i e  form, must be mounted i n  a 
f i x t u r e  which prov ides a means t o  connect f rom t h e  c h i p  t o  the network analyzer 
v i a  c o a x i a l  cables o r  rectangular  waveguide. C a l i b r a t i o n  I s  normal ly  done a t  
t he  ANA t ransmiss ion l i n e  t o  f i x t u r e  i n t e r f a c e  us ing  known standards. H i s t o r i -  
c a l l y ,  coax I s  used below 26 GHz whi le waveguide components tend t o  dominate 



above Ka-band.- I n  e i t h e r  case, t h e  measurement plane i s  removed from the  
p h y s i c a l  device terminals  by t h e  f i x t u r e  geometry. 
accounted f o r  using a procedure known as de-embedding. 
e x i s t ,  each r e q u i r i n g  c h i p  l e v e l  m i c r o s t r i p  standards t o  mathemat ica l ly  s h i f t  
t h e  reference plane t o  the device area ( r e f s .  1 t o  3)  

This discrepancy can be 
,. A number o f  techniques 

The In terconnect ion from the  measurement plane t o  the  c h i p  requ i res  a 
t r a n s i t i o n  from one t ransmiss ion media (coax o r  waveguide) t o  another (micro- 
s t r i p ,  coplanar l i nes ,  e t c . ) .  This t r a n s i t i o n  i s  a c r i t i c a l  component o f  t h e  
f i x t u r e  and must prov ide broad bandwidth and low l o s s ,  e s p e c i a l l y  i f  de- - 
embedding standards a re  n o t  used. The t r a n s i t i o n  serves t o  r e a l i g n  the  E 
f i e l d ,  i f  required, and p rov ide  an impedance match t o  the  m i c r o s t r i p  l i n e .  
The f i x t u r e  shown i n  f i g u r e  1 uses an SMA coax t o  m i c r o s t r i p  t r a n s i t i o n  and i s  
operable t o  26.5 GHz. With the  advent o f  t he  K and 2.4 mn connector ( r e f .  4), 
t h e  technique should be extendable t o  50 GHz. The f i x t u r e  i n  f i g u r e  2 uses a 
waveguide ant ipodal  f i n l i n e  t r a n s i t i o n .  Favorable c h a r a c t e r i s t i c s  i n c l u d e  
broad bandwidth and an I n - l i n e  geometry. A p o s s i b l e  draw-back i s  t he  requ i re -  
ment t h a t  t h e  chip be placed p a r a l l e l  t o  the  narrow w a l l  o f  t h e  guide, l i m i t i n g  
c h i p  dimensions. The f i x t u r e  i n  f i g u r e  3 incorporates a probe type t r a n s i t i o n  
which i s  dc i s o l a t e d  bu t  i n h e r e n t l y  possesses a s l i g h t l y  narrower bandwidth. 
The cosine tapered r i d g e  guide t r a n s i t i o n  o f  f i g u r e  4 has broad bandwidth and 
an i n - l i n e  geometry. I n  add i t i on ,  t he  ch ip  i s  o r i e n t e d  p a r a l l e l  t o  t h e  broad 
w a l l  o f  the guide. However, a dc b lock i s  r equ i red  f o r  a c t i v e  devices. 

The nex t  l e v e l  i n te rconnec t  occurs f rom the  t r a n s i t i o n  t o  t h e  c h i p  o r  c h i p  
c a r r i e r .  A chip c a r r i e r ,  u s u a l l y  quar tz  o r  alumina w i t h  p r i n t e d  m i c r o s t r i p  and * 

b i a s  l i n e s ,  i s  normally requ i red  s ince the  GaAs M M I C  i s  extremely f r a g i l e .  A 
c a r r i e r  i s  essent ia l  i f  t h e  c h i p  i s  t o  be reused. This i n te rconnec t ion  i s  
achieved w i th  gold r i bbon  or  p a r a l l e l  w i r e  bonds. An a l t e r n a t i v e  i s  t o  use 
s p r i n g  loaded pressure contacts and gold r i bbon  beam lead type connections. 
That i s ,  a length o f  r ibbon, p r e f e r a b l y  the  same w id th  as the  m i c r o s t r i p ,  i s  
p laced across t h e  l i n e s  and he ld  i n  p lace w i t h  a d i e l e c t r i c  rod. With t h i s  
technique, contact l i f e  and con tac t  r e p e a t a b i l i t y  are a c r i t i c a l  issue.  
Resul ts o f  t h i s  approach a re  discussed l a t e r .  

Interconnect ions a t  the c h i p  l e v e l  account f o r  many d i s c o n t i n u i t i e s .  
Di f ferences i n  substrate p e r m i t t i v i t y  and thickness w i l l  cause a mismatch i n  
l i n e  width.  There w i l l  a l s o  be a step change f r o m  the  c h i p  t o  the  c a r r i e r  
which w i l l  r e s u l t  i n  longer bonds and thus more inductance, as w e l l  as s t r a y  
f r i n g i n g  capacitance ( r e f .  5 ) .  I n  order t o  preserve measurement i n t e g r i t y ,  
these f a c t o r s  m u s t  be minimized as much as poss ib le .  An eva lua t i on  o f  the 
var ious f i x t u r i n g  techniques i s  presented I n  the  f o l l o w i n g  sect ion.  

F I X T U R I N G  TECHNIQUES 

Finline/Waveguide Test F i x t u r e  

A s  p a r t  o f  Contract  NAS3-23356, Honeywell developed the  f i x t u r e  shown i n  
f i g u r e  2 t o  t e s t  submodules of a 30 GHz m o n o l i t h i c  r e c e i v e r  ( r e f .  6) .  The 
Van Heuven f i n l l n e  t r a n s i t i o n  ( r e f .  7 )  I s  r i bbon  bonded t o  t h e  M M I C .  The c h i p  
and r i bbon  interconnect area I s  supported by go ld  p l a t e d  brass c a r r i e r  b locks 
which e s s e n t i a l l y  c u t  the waveguide I n  h a l f .  This f e a t u r e  places the  c h i p  i n  
waveguide below c u t o f f ,  insures ground plane c o n t i n u i t y ,  and provides good 
i s o l a t i o n  between i n p u t  and output .  Bias l i n e s  a re  p r i n t e d  on alumina and fed 
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through slots in the guide near the MMIC. Direct current contacts are made 
using gold wire bonds. Typical insertion loss per transition, printed on 
0.010" RT/Duroid, is less than 0.3 d B  over a 50 percent bandwidth. The loss 
per ribbon bond, modelled as microstrip over an air dielectric, is at least 
0.4 dB at 30 GHz. 

The fixture provides accurate and repeatable data and the technique can 
be extended to higher waveguide bands. However, due to the number of ribbon 
and wire bonds required to secure each chip as well as the skill required to 
solder the chip to the carrier block, testing becomes an arduous task. In 
addition, it is almost impossible to reuse the chip following this procedure. 

Universal Coaxial Test Fixture 

The RF characteristics of Rockwell's "universal" coaxial test fixture 
(fig. 1 )  were measured using a Hewlett-Packard model 8510 automatic network 
analyzer (ANA). This selection permitted full 2-port vector characterization 
of the device from 2.0 to 26.5 GHz with 12-term error correction capability. 
The network analyzer was calibrated using standard techniques for the APC 3.5 
connector family, thereby placing the calibration planes at the input and out- 
put connectors of the fixture. To reduce the number of systematic measurement 
errors, the test fixture and cables were firmly supported at all stress points 
and remained undlsturbed throughout testing. 

The forward transmission (S21) coefficients of the test fixure are shown 
in figure 5 for six consecutive measurements of a 7.5 mm offset transrnlssion 
line. Each trace is the result of a complete disassembly and reassembly of the 
microstrip test section, including the beam lead pressure lid and MMIC cover. 
The removal and insertion of the through line section was performed each time 
by removing the pressure lid with the dielectric probe spring assembly which 
holds down the M M I C  beam lead from the top of the fixture, then mechanically 
separating the coaxial transition pleces. In additlon, the reinsertion pro- 
cedure requires that the gold ribbon beam lead used as the RF bridge be care- 
fully centered on the microstrip transmission line. The entire Insertion 
procedure requires approximately 2 min. 

The S21 test data indicates that the test fixture and microstrip trans- 
mission line test section present a total power loss of less than 5 dB over the 
full test frequency range. The R F  performance improves to less than 2.5 dB of 
loss below 13 GHz. In both cases, the forward loss is repeatable within a 
range o f  ~ 1 . 2 5  dB and often better than +0.5 dB. In all cases, the test fix-- 
ture provides a low-loss, reliable, and stable environment to be used to test 
both passive and active microstrip devices. 

The Rockwell test fixture was also tested to determine its ability to 
match the 50 n characteristic impedance of the network analyzer. 
of this test appear as either a return loss measurement, S11, or can be mathe- 
matically converted to standing wave ratio (SWR). This later data is presented 
in figure 6. A s  is shown in the figure, the standing wave ratio remains below 
1.5:l from 2.0 to 14.5 GHz. Above 14.5 GHz, the SWR varies to as much as 
2.4:l. 

The results 

A s  part of the forward loss (S21) R F  testing, the phase response of the 
test fixture was measured. A s  expected, a conventional sawtooth pattern was 

3 



recorded, i n d i c a t i n g  a l i n e a r  phase s h i f t  w i t h  frequency. Repeated i n s e r t i o n  
of t h e  through l i n e  y ie lded  l i t t l e  d e v i a t i o n  f rom t h e  f i r s t  phase t race .  

The reverse RF s c a t t e r i n g  parameters S12 and S22 were a l s o  measured f o r  
each t e s t  run. The r e s u l t s  o f  these t e s t s  i n d i c a t e  t h a t  t h e  dev ice i s  c l e a r l y  
r e c i p r o c a l  i n  nature. 

The c a l i b r a t i o n  technique descr ibed by Benet f o r  t h e  Rockwell t e s t  f i x -  
t u res  ( r e f .  8) i s  c u r r e n t l y  being assessed. I n  a d d i t i o n ,  t ime domain r e f l e c -  
t i o n  measurements a re  being analyzed w i t h  the  goal o f  determin ing areas o f  t h e  
f i x t u r e  which need reworking t o  extend the f l a t  band p o r t i o n  o f  t he  character-  
i s t i c s  i n t o  t h e  14 t o  26.5 GHz range. Poss ib le  so lu t i ons  c u r r e n t l y  be ing 
tes ted  a r e  mod i f i ca t i ons  t o  the  MMIC cover t o  increase the c u t o f f  frequency i n  
t h a t  reg ion  t o  avoid any moding o r  resonance problems. 

Modi f icat ions have been made t o  t he  Rockwell t e s t  f i x t u r e  a t  NASA Lewis 
a l l o w i n g  cha rac te r i za t i on  o f  var ious microwave s o l i d  s t a t e  devices i n  the  
frequency range o f  26.5 t o  40 GHz. The coax ia l  t o  m i c r o s t r i p  t r a n s i t i o n  and 
i t s  housing have been replaced by a waveguide t o  m i c r o s t r i p  t r a n s i t i o n  and a 
s u i t a b l e  housing. 
e x i s t i n g  t e s t  equipment i n  the  26.5 t o  40 GHz band. The waveguide t o  micro- 
s t r i p  t r a n s i t i o n  housing was designed t o  be completely compat ib le w i t h  the 
e x i s t i n g  f i x t u r e  w h i l e  keeping t r a n s i t i o n  losses t o  a minimum and e l i m i n a t i n g  
resonant modes. 
the beam lead pressure l i d  was a l s o  redesigned t o  cont inue the  covered micro- 
s t r i p  wave propagation mode f r o m  the  t r a n s i t i o n  housing t o  the device under 
t e s t .  
an an t i poda l  f l n l i n e - t h p e  t r a n s i t i o n .  This t r a n s i t i o n  has t h e  advantage o f  
being i n  l i n e  w i th  the t e s t  setup, inexpensive, and e a s i l y  replaceable.  

P re l im ina ry  t e s t  r e s u l t s  i n d i c a t e  a moding problem which w i l l  r e q u i r e  
m o d i f i c a t i o n s  t o  t h e  MMIC l i d .  O f  a more c r i t i c a l  nature i s  t he  problem of 
r e p r o d u c i b i l i t y .  
t o  accommodate t h e  t e s t i n g  o f  a wide v a r i e t y  o f  device s t r u c t u r e s  and c h i p  
s izes.  With f l e x i b l e  coax ia l  i npu ts  t o  the f i x t u r e  and some care, no problems 
resu l ted .  But w i th  r i g i d  waveguide feed systems which a re  heavy and n o t  e a s i l y  
moved f o r  device i n s e r t i o n ,  excessive s t r e s s  I s  app l i ed  t o  the f i x t u r e  causing 
movement o f  the n o n r i g i d  p a r t s  and nonreproducible device c h a r a c t e r i s t i c s .  

This m o d i f i c a t i o n  a l lows the  f i x t u r e  t o  i n t e r f a c e  w i t h  

To f u r t h e r  reduce moding problems a t  these h igher  f requencies,  

The waveguide t o  m i c r o s t r i p  t r a n s i t i o n  chosen f o r  use i n  the  f i x t u r e  was 

The f i x t u r e  was designed w i th  many moving o r  n o n r i g i d  p a r t s  

Probe/Waveguide Test F i x t u r e  

The waveguide t e s t  f i x t u r e  shown i n  f i g u r e  3 was designed and b u i l t  f o r  
NASA Lewis as pa r t  o f  con t rac t  NAS3-23789 by General E l e c t r i c .  The design 
goal was t o  provide a nondestruct ive f i x t u r e  t h a t  could be used t o  t e s t  a 
l a r g e  number o f  HMIC chips f o r  advanced phased a r r a y  antenna a p p l i c a t i o n s .  
The r e s u l t  was a compact and simple assembly w i t h  several  novel  features.  

The GE f i x t u r e  was tested us ing the HP 8510 network analyzer.  Although 
the f i x t u r e  passband o f  17.7 t o  20.2 GHz was w i t h i n  the  frequency range o f  t he  
ANA, a t r a n s i t i o n  t o  waveguide t ransmiss lon media was requi red.  To f a c i l i t a t e  
the waveguide tes t i ng ,  a se t  o f  WR-42 c a l i b r a t i o n  standards was needed, a long 
w i t h  a programming m o d i f i c a t i o n  t o  the network analyzer.  The end r e s u l t  o f  t he  
ANA m o d i f i c a t i o n  was then the a b i l i t y  t o  c a l i b r a t e  the  t e s t  system a t  t he  wave- 
guide i n p u t  and output p o r t s  o f  t he  t e s t  f i x t u r e .  O f  some concern I n  the  
t e s t i n g ,  however, were the waveguide p o r t s  of the GE f i x t u r e .  As i s  shown I n  
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the photograph, the  i n p u t  and ou tpu t  por ts  o f  t he  t e s t  f i x t u r e  support a WR-42 
compat ib le f l ange  (UG-595/V), bu t  do not have the  standard rec tangu lar  wave- 
guide c ross -sec t i on .  Instead, f o r  ease o f  machining the  c a v i t y ,  the  waveguide 
was manufactured w i t h  p a r a l l e l  w a l l s  along the  broad dimension bu t  w i t h  rounded 
ends. To v e r i f y  t h a t  t h i s  media was compatible w i t h  the  standard rec tangu lar  
waveguide, a sho r t  sec t i on  of the round-end waveguide was machined and tes ted .  
An SWR of less  than 1.1: l  was recorded across the  frequency band. 

A l l  f o u r  s c a t t e r i n g  parameters were measured on the GE f i x t u r e .  A t y p i c a l  
measurement o f  the  forward loss  c o e f f i c i e n t ,  S21, i s  shown i n  f i g u r e  7 .  l hese  
r e s u l t s ,  though c u r r e n t l y  less repeatable than on o ther  f i x t u r e s ,  a r e  expected 
t o  improve s i g n i f i c a n t l y  w i t h  the a d d i t i o n  o f  a p r e c i s i o n  probe al ignment 
cover. Th is  cover, s i m i l a r  t o  the  one shown i n  f i g u r e  3, w i l l  be placed on top 
o f  the  e x i s t i n g  t e s t  f i x t u r e  and w i l l  he lp  guide the  RF pressure p i n s  on to  the  
go ld  b r i d g i n g  r ibbon.  I n i t i a l  t e s t s  i n d i c a t e  t h a t  t h i s  w i l l  reduce the  i n s e r -  
t i o n  losses o f  the f i x t u r e  t o  a more reasonable l e v e l .  I n i t i a l  est imates o f  
the  expected losses approach 3 d8. Comparison o f  t he  forward and reverse  t e s t  
data i n d i c a t e s  t h a t  the  device was rec ip roca l  i n  t e r m s  o f  RF performance. 

Cosine lapered Ridge Guide F i x t u r e  

NASA Lewis i s  pursuing another “nondestruct ive” f i x t u r e  us ing  a r i d g e  
guide t r a n s i t i o n .  A cosine tapered r idge i s  used t o  match the  waveguide impe- 
dance t o  the m i c r o s t r i p .  Contact i s  achieved through a c r i t i c a l  pressure f i t  
between the r i d g e  and the c h i p  c a r r i e r  bu t  promises good r e p e a t a b i l i t y  due t o  
the e l i m i n a t i o n  o f  r ibbon bonds and the need f o r  any sp r ing  mechanlsm. The 
design o f  the curve i s  based on a simple equ iva len t  c i r c u i t  model ( r e f .  9 )  and 
can accommodate a v a r i e t y  o f  c h i p  thicknesses. A computer program was w r i t t e n  
t o  generate the  curve and c a l c u l a t e  the r i d g e  thickness. 
vers ion  i s  shown i n  f i g u r e  4 .  This  f i x t u r e  was used t o  t e s t  GaAs m i c r o s t r i p  
resonators i n  order t o  evaluate propagation c h a r a c t e r i s t i c s .  The t y p i c a l  
response o f  a m i c r o s t r i p  resonator and S11 r e p e a t a b i l i t y  data i s  presented i n  
f i g u r e  9.  The c h i p  i s  a f f i x e d  t o  t h e  waveguide base by a vacuum h o l d  down. 

A simple one p o r t  

l h e  MMlC t e s t  f i x t u r e  w i l l  use spr ing loaded p ins  t o  p rov ide  dc b ias  and 
inc lude  a c h i p  c a r r i e r  s i m i l a r  t o  t h a t  shown i n  f i g u r e  8. l h e  r i d g e  i s  cham- 
fe red  near the  ch ip  t o  p rov ide  a smooth t r a n s i t i o n .  
chosen t o  p rov ide  a ground plane f o r  the M M I C  and ease in te rconnect ions .  l h e  
ground planes are  kept  equ ipo ten t i a l  by the waveguide cover contac t .  
the  t e s t ,  the  c a r r i e r  can be removed. If desired, the  c i r c u i t  can be d iced t o  
remove the  dc block p r i o r  t o  reuse. l h e  l oss  per t r a n s i t i o n  i s  expected t o  be 
comparable t o  the f i n l i n e  s t r u c t u r e .  The coupled l i n e s  add an a d d i t i o n a l  0.2 
t o  0.3 dB loss  each a t  Ka-band. Charac ter iza t ion  w i l l  be performed on a modi- 
f i e d  HP-8409 automatic network analyzer.  
t o  50 GHz us ing  Ka and Q band waveguide t e s t  s e t s .  l h e  approach, which uses a 
m u l t i p l y  up/mix down technique, preserves the  fea tures  o f  the standard ANA t o  
a h i g h  degree ( r e f .  10) .  A V-band version has been designed and i s  be ing  
assembled. 

A coplanar c a r r i e r  was 

Fo l low ing  

The standard ANA has been extended 
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ADVANCED CHARACTERIZATION TECHNIQUES 

Two emerging technologies showing promise f o r  dev ice c h a r a c t e r i z a t i o n  a r e  
d i r e c t  on wafer probing and e l e c t r o o p t i c  sampling. A b r i e f  rev iew o f  t he  
concepts, mer i t s ,  and s ta tus  o f  these techniques i s  presented. 

Microwave Wafer Probing 

The a b i l i t y  t o  evaluate devices a t  t h e  wafer l e v e l  w i t h  even g rea te r  
accuracy than convent ional  f i x t u r e s  i s  becoming r o u t i n e  through K-band. A 
wafer probe, which i s  e s s e n t i a l l y  an adapter f rom coax t o  bonding pads, per-  
forms about as w e l l  as a normal SMA connector.  However, by us ing  c h i p  l e v e l  
impedance standards, s i g n i f i c a n t  accuracy enhancement i s  poss ib le .  The tech- 
n ique developed by Cascade Microtech i nvo lves  coplanar probe heads and o n e - t i e r  
de-embedding procedures. Coplanar probes a re  used t o  ease ground p lane i n t e r -  
connect ions and reduce r a d i a t i o n  e f f e c t s .  Th is  approach does r e q u i r e  t h a t  the 
wafer t o  be tes ted  i nco rpo ra te  coplanar pads o r  ground v ias  near the  t e s t  
p o i n t s  f o r  m i c r o s t r i p  c i r c u i t s .  The de-embedding procedure requ i res  shor t ,  
open, and load standards f o r  one p o r t  c h a r a c t e r i z a t i o n  and an a d d i t i o n a l  
through connect ion and i s o l a t i o n  standards f o r  two p o r t  c h a r a c t e r i z a t i o n .  
Due t o  the  smal l  s i z e  o f  t he  impedance standards, p a r a s i t i c s  a r e  minimized 
( r e f s .  11 t o  13) .  

The technique has a l ready  been extended t o  26 GHz and w i l l  no doubt be 
pushed even f u r t h e r .  
e f f e c t s ,  c ross ta l k  degradat ion,  and phys i ca l  l i m i t a t i o n s ;  bu t  t he  approach i s  
a welcome a l t e r n a t i v e  t o  convent ional  measurements. 

Const ra in ts  may even tua l l y  be imposed due t o  r a d i a t i o n  

E l e c t r o o p t i c  Sampling 

A p o t e n t i a l l y  revo lu t i ona ry ,  and a t  t he  very l e a s t  e x c i t i n g  new charac- 
t e r i z a t i o n  method i s  e l e c t r o o p t i c  sampling. Recent ly,  e l e c t r o o p t i c  sampling 
techniques a r e  showing promise f o r  p r o v i d i n g  noncontact  h igh  frequency charac- 
t e r i z a t i o n  o f  h igh speed GaAs devices and i n t e g r a t e d  c i r c u i t s  ( r e f s .  1 4  t o  16).  
I n  a d d i t i o n  t o  p rov id ing  c h a r a c t e r i z a t i o n  w i thou t  bonding o f  t he  dev ice  o r  c i r -  
c u i t ,  the  technique can a l s o  per form wide bandwidth measurements f rom 2 t o  
100 GHz. Shor t  pu lse l ase rs  and u l t r a  h igh  speed photoconductors a r e  used t o  
generate wide-bandwldth e l e c t r o n l c  pulses t o  p rov ide  d i r e c t  e l e c t r o n i c  sampling 
on a GaAs device o r  i n t e g r a t e d  c i r c u i t .  

With t h i s  technique, S-parameters o f  GaAs MESFETs have been obta ined.  
However, t he  technique requ i res  severa l  developments be fo re  i t  can be used 
r o u t i n e l y  t o  ob ta in  S-parameters o f  M M I C s .  The photodetector  and sampler need 
t o  be In teg ra ted  w i t h  GaAs c i r c u i t s  i n  order  t o  e l i m i n a t e  bonding. Comparison 
between t ime domain c h a r a c t e r i z a t i o n  obtained by e l e c t r o o p t i c a l  techniques and 
S-parameters obtained by network analyzer  techniques needs t o  be performed. 
High frequency s o l i d  s t a t e  l ase rs  need t o  be developed t o  reduce c o s t  and s i m -  
p l l f y  measurements ( r e f s .  17  and 18) .  F igure  10 shows a 30 GHz g a i n  c o n t r o l  
MMIC a m p l i f i e r  bonded t o  a GaAs photoconductor and L i t h i u m  Tan ta la te  sampler 
f o r  e l e c t r o o p t i c a l  measurements t o  be performed a t  the  U n i v e r s i t y  o f  Rochester. 
These r e s u l t s  w i l l  then be compared w i t h  network analyzer  measurements a t  NASA 
Leu1 s . 
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CONCLUSION 

A v a r i e t y  o f  f i x t u r i n g  techniques have been presented, w i t h  emphasis on 
methods o f  i n t e r f a c i n g  w i t h  the  MMIC. Contact  l i f e  and contac t  r e p e a t a b i l i t y  
a r e  a key issue.  P r e l i m i n a r y  eva lua t ion  o f  t e s t  da ta  i n d i c a t e d  where improve- 
ments were requi red,  and suggested a l t e r n a t i v e s  t o  implement these improve- 
ments. Noninvasive techniques need t o  be f u r t h e r  developed. A b r i e f  rev iew 
o f  on-wafer p rob ing  and e l e c t r o o p t i c  sampling was presented. 
approaches a r e  showing g r e a t  promise f o r  qu ick  and r e l i a b l e  dev ice and MMIC 
c h a r a c t e r i z a t i o n .  

These novel  
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FIGURE 1. - THE ROCKWELL UNIVERSAL TEST FIXTURE WITH ACCOMPANYING 
CALIBRATION PIECES, CHIP CARRIER. AND SHIELDING LIDS. THIS ORIGINAL 
VERSION OF THE FIXTURE USES SMA CONNECTORS AND IS OPERABLE TO 
26.5 GHz. 
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C-84-3387 

FIGURE 2. - A KA-BAND TEST FIXTURE DEVELOPED BY HONEYWELL AS A PART OF CONTRACT 

NAS3-23356 TO TEST MMIC SUBMODULES OF A 30 GHZ RECEIVER. A 3 - B I T  SWITCHED L I N E  
PHASE SHIFTER IS SHOWN BONDED I N  THE FIXTURE. 



FIGURE 3. - A K-BAND TEST FIXTURE DEVELOPED BY GENERAL ELECTRIC AS 

PART OF CONTRACT NAS3-23789. THIS FIXTURE WAS DESIGNED TO TEST PACKAGED 

COMPONENTS OF A 20 GHZ MMIC TRANSMITTER. THE ALIGNMENT COVER (LOWER LEFT) 
WAS DESIGNED AND MACHINED AT NASA LEWIS TO GUIDE THE PROBE MODULE (LOWER 
RIGHT) ONTO THE MMIC. 
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FIGURE 4. - A KA-BAND ONE-PORT PASSIVE TEST FIXTURE DEVELOPED AT NASA LEWIS. THE 
FIXTURE WAS DESIGNED TO TEST GAAS MICROSTRIP RESONATORS I N  ORDER TO EVALUATE 
PROPAGATION CHARACTERISTICS. A TWO-PORT WIc TEST FIXTURE VERSION I S  BEING 
DEVELOPED. 
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CD-SE22499 

FIGURE 5.- FORWARD LOSS CHARACTERISTICS OF THE ROCKWELL COAXIAL 
TEST FIXTURE. 
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FIGURE 6.- STANDING WAVE RATIO OF THE ROCKWELL COAXIAL TEST 

FIXTURE. 
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FIGURE 7.- FORWARD LOSS CHARACTERISTICS OF THE GE TEST 
FIXTURE . 
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FIGURE 8. - A COPLANAR CHIP CARRIER TO BE USED WITH A COSINE TAPERED RIDGE 
DC BLOCKS ARE REQUIRED SINCE THE TAPER IS PART OF GUIDE TEST FIXTURE. 

THE WAVEGUIDE HOUSING. 
PROVE MORE REPEATABLE THAN A SPRING LOADED PRESSURE CONTACT. 

I T  I S  BELIEVED THAT THE RIDGE CONNECTION WILL 
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